The program HDECAY determines the partial decay widths and branching ratios of the Higgs bosons within the Standard Model with three and four generations of fermions, including the case when the Higgs couplings are rescaled, a general two-Higgs doublet model where the Higgs sector is extended and incorporates five physical states and its most studied incarnation, the minimal supersymmetric Standard Model (MSSM). The program addresses all decay channels including the dominant higher-order effects such as radiative corrections and multi-body channels. Since the first launch of the program, more than twenty years ago, important aspects and new ingredients have been incorporated. In this update of the program description, some of the developments are summarized while others are discussed in some detail.
Introduction
The FORTRAN code HDECAY [1] , released more than twenty years ago (on arXiv in April 1997) 1 , addresses a crucial issue in the phenomenology of the Higgs particles which, in the context of the Standard Model (SM) of particle physics, have been predicted long ago [4] and were only discovered in 2012 at the CERN Large Hadron Collider (LHC) [5] . Indeed, the strategies for Higgs bosons searches at high-energy colliders, such as the LHC, exploit various Higgs decay channels. The detection strategies depend not only on the experimental setup (for instance hadron versus lepton colliders) but also on the theoretical scenarios: the SM or some of its extensions, such as the two-Higgs doublet model (2HDM), or the Minimal Supersymmetric Standard Model (MSSM), or variants such as including a fourth generation of fermions, or Higgs particles with rescaled couplings to fermions and gauge bosons.
In the SM, the electroweak symmetry is hidden by one doublet scalar field leading to the existence of one single neutral Higgs boson, denoted as H [4] . The Higgs boson couplings to the 3-generation fermions and to gauge bosons are related to the masses of these particles and are thus determined by the symmetry breaking mechanism. In contrast, the mass M H of the Higgs boson itself is undetermined by the model and is known to have the value of M H ≃ 125 GeV only after it was observed by the ATLAS and CMS collaborations [5] . Since this mass value is known, all Higgs couplings, including the self-couplings, are fixed and the properties of the H boson, production cross sections and partial decay widths, are uniquely determined.
The situation is more complicated in the beyond the SM context and, for instance, additional neutral and charged Higgs bosons are predicted in 2HDMs [6, 7] , as realized in the MSSM [6, 8, 9] . In these models, there are altogether five physical Higgs bosons: 2 CP-even Higgs bosons h and H, with M h ≤ M H , a CP-odd or pseudoscalar A and two charged H ± bosons. Either the lighter or the heavier CP-even Higgs boson can be identified with the one already observed. The four masses M h , M A , M H and M H ± , as well as the ratio of the two Higgs field vacuum expectation values tan β = v 2 /v 1 and the mixing angle α that diagonalises the two CP-even Higgs states, are unrelated in a general 2HDM. In the MSSM, however, supersymmetry imposes strong constraints on the parameters and, in fact, only two of them, usually taken to be tan β and M A , are independent at tree level.
The MSSM at larger A masses approaches the decoupling regime [10] in which the lighter CP-even h state will have almost SM-like couplings while the four states H, A and H ± become heavy, degenerate in mass and decouple from the massive gauge bosons. In the 2HDM, to cope naturally with the fact that the observed Higgs boson is SM-like, one invokes the so-called alignment limit [11] in which only one Higgs doublet gives masses to the V = W/Z bosons. In this case, the mixing angle α is such that the Higgs couplings of one of the CP-even Higgs bosons are the same as the ones of the SM Higgs state. In this case too, the second CP-even state will no longer couple to massive gauge bosons as also does the pseudoscalar A in general.
It was, and still is, of vital importance to have reliable predictions for the branching ratios of the Higgs boson decays for these theoretical models. The program HDECAY calculates the Higgs boson partial decay widths and the decay branching ratios within the SM, 2HDM and MSSM scenarios 2 . In its first version, the main features of the program were as follows:
-Included are all decay channels that are kinematically allowed and which have branching ratios larger than 10 −4 , i.e. the loop mediated, the three-body decay modes and in the MSSM the cascade and the supersymmetric decay channels [9, 18, 19] .
-All relevant higher-order QCD corrections to the decays into quark pairs and to the loop mediated decays into gluons are incorporated [18, 20] .
-Double off-shell decays of the CP-even Higgs bosons into massive gauge bosons which then decay into four massless fermions, and all important below-threshold three-and four-body decays are included [21, 22] .
-In the MSSM, the radiative corrections in the effective potential approach with full mixing in the stop/sbottom sectors are incorporated using the renormalization group improved values of the Higgs masses and couplings thus including the relevant next-to-leading-order (NLO) and next-to-NLO (NNLO) corrections [23, 24, 25] .
-In the MSSM, all the decays into supersymmetric (SUSY) particles (neutralinos, charginos, sleptons and squarks including mixing in the stop, sbottom and stau sectors) when kinematically allowed are calculated [26] . The SUSY particles are also included in the loop mediated γγ, Zγ and gg decay channels.
The program, written in FORTRAN77, provided a very flexible and convenient use, fitting to all options of phenomenological relevance. The basic input parameters, fermion and gauge boson masses and their total widths, coupling constants and, in the MSSM, soft SUSY-breaking parameters can be chosen from an input file hdecay.in. In this file several flags allow switching on/off or changing some options [e.g. choosing a particular Higgs boson, including/excluding the multi-body or SUSY decays, or including/excluding some specific higher-order QCD corrections].
All the relevant information is given in the original publication [1] to which we refer for details. However, since the first release of the original version of the program some bugs have been fixed, a number of improvements and new theoretical calculations have been implemented. Earlier important modifications were documented, besides those of Refs. [12, 14] where the special extensions SUSY-HIT and eHDECAY were discussed, in three reports of the Les Houches Workshops in 1999, 2009 and 2013, Refs. [27, 28, 29] . The logbook of all modifications and the most recent version 6.52 of the program can be found on the web page http://tiger.web.psi.ch/hdecay/. The most important updates are summarized in the next section.
The major updates and extensions of the program

Pre-Higgs discovery updates
Before Higgs boson discovery, most of the modifications of the original program have been made in the context of the MSSM. Until 1999 the following changes have been performed [27] :
-Added links to the FeynHiggsFast routine which provides the masses and couplings of the MSSM Higgs bosons up to two-loop order in the diagrammatic approach [30] , and, in the framework of the SUSY-HIT program [12] , to the SUSPECT routine for the renormalisation group evolution and for the proper electroweak symmetry breaking in the minimal supergravity model [31] .
-Implemented Higgs boson decays to a gravitino and neutralino or chargino in gauge mediated SUSY breaking models [32] and SUSY-QCD corrections to Higgs boson decays topairs (in particular bottom quarks) [33] .
In 2003, a major step was made by providing an interface to the SUSY Les Houches Accord (SLHA) [34] and implementing it properly. This required several transformations of the corresponding renormalization schemes to the ones used by HDECAY. This option can be switched on and off by appropriate flags in the input file hdecay.in. The output file in the SLHA format can also be used again as input file for other programs (and HDECAY itself).
Before and at the 2009 Les Houches workshop, the following modifications, again mainly in the MSSM context, were implemented (some started to be made in the early 2000).
-Improvements of the SUSY-QCD corrections in neutral MSSM Higgs decays to bb [33] and the resummation of the ∆ b effects [35, 36] up to NNLO [37] . The corresponding ∆ b terms have also been included in charged Higgs decays H ± → tb.
-Inclusion of the renormalization-group improved two-loop contributions to the MSSM Higgs self-interactions extending the results of Ref. [23] for the stop and sbottom contributions to arbitrary mixing parameters and mass splitting; see also Ref. [38] .
-Inclusion of the full mass dependence of the NLO QCD corrections to the quark and squark loop contributions to photonic Higgs decays [39, 40] . This was also done in the SM Higgs case. (The decay widths can also be used to determine the production cross sections of Higgs bosons at photon colliders at NLO QCD.)
-In the context of the SM, inclusion of electroweak corrections to the SM Higgs boson decays H → W ( * ) W ( * ) /Z ( * ) Z ( * ) → 4f in approximate form (including the W W and ZZ thresholds) which reproduces the full results of Refs. [41] within 1%. In this context double off-shell effects have also been extended to the Higgs-mass region above the W W, ZZ thresholds.
-The full electroweak corrections to the gluonic SM Higgs decays have been implemented in terms of a grid that is used for interpolation [42] . This grid extends up to a Higgs mass of 1 TeV.
After 2009 a few further developments in the context of the MSSM have been implemented in HDECAY before the discovery of the Higgs particle:
-The sizeable SUSY-QCD corrections to MSSM Higgs boson decays into squark pairs [43] have been included supplemented by the improvements concerning the resummation of large contributions [44] . Within the same modification process the treatment of all squark masses and mixings has been moved to NLO using the approach and the scheme of Ref. [44] .
-The MSSM strange Yukawa couplings have been extended to the inclusion of potentially large ∆ s effects and their resummation at the 1-loop level analogous to the ∆ b effects for the bottom Yukawa couplings [35, 36] .
-Inclusion of running bottom mass and ∆ b effects in the top-quark decays t → H ± b. For the MSSM (and later for the 2HDM) a new output file br.top is generated that provides the total top width and the corresponding branching ratios for t → W b, H ± b.
Post-Higgs discovery modifications: summary
In the subsequent years and during LHC operation, a large amount of work was devoted to improve the program. Many of the changes were made in order to meet the experimental needs and the recommendations of the LHC Higgs cross section working group. By 2013, i.e. a year after the Higgs discovery, very important modifications and additions to the program were made. They are summarized below.
-Inclusion of the leading SUSY-QCD and electroweak corrections to all effective down-type fermion Yukawa couplings, i.e. for the µ, τ, s in addition to the bottom quark according to Refs. [18, 45] . In the MSSM the sneutrino mass parameters of the first two generations are allowed to be different from the third generation.
-Inclusion of the two-loop QCD corrections to top decays [46] . [36, 47] . The NNLO results have been extended to the ∆ s terms of the MSSM strange Yukawa couplings [47] .
-Addition of the charged Higgs decays H + → td/ts/cd including off-shell top quark contributions.
-Inclusion of charm loop contributions in the Higgs decays φ → gg for the SM and MSSM.
-Inclusion of the full electroweak corrections to SM Higgs decays H → ff [48] thus removing the approximation used before.
-Inclusion of the full NLO mass dependence of SM Higgs decays into gluons in terms of grids that extend to a Higgs mass of 1 TeV [40] .
-Inclusion of a flag that allows to switch off all electroweak corrections to SM Higgs decays. This is relevant for consistently using the best possible predictions of the branching ratios for studies beyond the SM.
-The scheme and scale choices of the quark-mass input parameters have been changed to be in line with the conventions of the LHCHXWG [49] . This required in particular that the input values of the file hdecay.in have moved to the MS masses m b (m b ) for the bottom and m c (3 GeV) for the charm quark. The corresponding bottom pole mass is determined internally by iterating the N 3 LO matching relation [50] 
at the scale of the bottom pole mass 3 m
OS b
where
b ∼ 130.9. The charm pole mass is determined from the (renormalonfree) relation [51] 
In addition the scale of the input MS mass of the strange quark has been moved to 2 GeV to avoid sizeable non-perturbative effects when using 1 GeV as the input scale as in former versions of HDECAY. 
-The inclusion of the important option in which the Higgs couplings to fermions and massive gauge bosons are rescaled by constant factors in a simplified effective Lagrangian approach. This also allows to address the possibilities of fermiophobic or fermiophilic Higgs states.
-The possibility that a fourth generation of SM-like quarks and leptons is present has been included [52] . A significant impact emerges on the loop induced Higgs decays such as decays into gluons and photons but major changes also occur in tree-level decays in which the radiative corrections due the new fermions are extremely important.
-Extension of HDECAY to the general two-Higgs Doublet model (2HDM) [53] . This required the extension of the hdecay.in input file and the inclusion of several new decay modes that are not possible within the MSSM. The input file allows to work with two different sets of input variables for the 2HDM.
-Finally, the hMSSM option in the supersymmetric case has been implemented. In this case, the mass of the lightest CP-even MSSM Higgs boson h, M h = 125 GeV, fixes the dominant radiative corrections that enter the MSSM Higgs boson masses and couplings, leading to a Higgs sector that can be described, to a good approximation, by only two free parameters as it was the case at tree-level.
The last four major upgrades are discussed in separate subsections below.
Rescaled Higgs couplings
In 2013, the program HDECAY has been substantially modified (version 6.40) in order to cope with the possibility of modified Higgs couplings to fermions and massive gauge bosons. This was required by the LHC collaborations which started to measure precisely the Higgs production cross sections and the decay branching ratios, allowing to derive strong constraints on these couplings. To compare the experimental measurements with the theory predictions in the SM, it was convenient to allow for the variation of the different Higgs couplings to the other particles in a systematic way.
The inclusion of rescaled Higgs couplings to SM particles has been done according to the simplified effective interaction Lagrangian
where G aµν , F µν and Z µν are the field strength tensors of the gluon, photon and Z-boson fields. The couplings α s , α and α 2 are the strong, electromagnetic (in the Thompson limit) and SU (2) 
where δ elw denotes the electroweak corrections [48] , δ QCD the pure QCD corrections [55, 56, 57 ], δ t the top-quark induced QCD correction [58] , and m q is the running MS quark mass at the scale of the Higgs mass. The gluonic Higgs decay, with the novel tensor structure involving the point-like coupling factor c gg , is given by
H and δ elw denotes the electroweak corrections [42, 59] . The loop function A Q (τ Q ) is normalized to unity for large quark masses and can be found in Ref. [40] . The contributions c ef f and κ sof t denote the QCD corrections originating from the effective Lagrangian in the heavy top quark limit,
and the residual corrections due to diagrams involving gluon exchange and light-quark contributions, respectively. They are included up to the next-tonext-to-next-to-leading order (NNNLO) [60, 61] . At NLO, they are given by [60] ,
with N F = 5 light quark flavours. Finally κ N LO represents the finite top and bottom mass effects at NLO beyond the limit of heavy quarks, i.e. beyond the terms contained in c ef f and κ sof t [40] .
All other Higgs decay modes are treated analogously in the case of rescaled Higgs couplings.
The fourth generation fermion option
In the four-generation fermion Standard Model (SM4), available since version 4.0 of the HDECAY code, additional corrections to tree-level Higgs decays into fermions and massive gauge bosons arise from 4th-generation fermion loops. In the case of the H → W W, ZZ decays, these corrections appear in the HW W/HZZ vertices, the W/Z self-energies, and the renormalization constants. Since the 4th-generation fermions are expected to be very heavy, their Yukawa couplings are large and they dominate the total corrections. Numerically the NLO corrections amount to about −50% to −90% in many cases and depend only weakly on the Higgs mass [52] . In the large fermion mass limit, the leading contribution can be absorbed into effective HW W/HZZ interactions via the Lagrangian
where W, Z, H denote the fields for the respective states. The higher-order corrections are contained in the factors δ tot V which, up to two-loop order, read
The one-loop expressions for a single SU(2) doublet of heavy fermions with masses m A , m B read [62, 63] 
, and N c = 3 or 1 for quarks or leptons, respectively. The results for the two-loop corrections δ tot(2) V can be found in [64] for the QCD corrections of O(α s G F m 2 f ) and in [63] for the EW ones of O(G 2 F m 4 f ). The corrected partial decay width is then given by
In the case of Higgs decays into SM fermions, the decay widths Γ(H → ff ) in the HDECAY code include, besides the SM corrections, the 4th generation approximate NLO and NNLO EW corrections in the heavy-fermion limit according to [63] and mixed NNLO EW/QCD corrections according to [64] . They originate from the wave-function renormalization of the Higgs boson and are thus universal for all fermion species. The leading one-loop part is given by δ (1) u above. Numerically the EW one-loop correction to the partial widths amounts to a few tens of percent, while the two-loop EW and QCD correction contributes an additional few percent. These corrections are assumed to factorize since the approximate expressions emerge as corrections to the effective Lagrangian after integrating out the heavy fermion species. Thus, HDECAY multiplies the relative SM4 corrections with the full corrected SM3 (usual SM with three generations) result including QCD and EW corrections. The scale of the strong coupling α s is set to the average mass of the heavy 4th generation quarks according to the appropriate matching scale of the effective Lagrangian.
Turning to the loop induced decay modes H → gg, γγ, Zγ, HDECAY includes the NNNLO QCD corrections of the SM in the limit of a heavy top quark [40, 60, 61] , applied to the results including the heavy-quark loops. For H → gg, while at NNLO the exact QCD corrections in SM4 [65] are included in this limit, at NNNLO the relative SM3 corrections are added to the relative NNLO corrections and multiplied by the LO result including the additional quark loops. In addition the full NLO EW corrections [66] have been included in factorized form, since the dominant part of the QCD corrections emerges from the gluonic contributions on top of the corrections to the effective Lagrangian in the limit of heavy quarks.
HDECAY includes the full NLO QCD corrections to the decay mode H → γγ supplemented by the additional contributions of the 4th-generation quarks and charged leptons according to [39, 40] . Extending the techniques used for H → gg in [66] , the exact amplitude for H → γγ was included up to NLO (two-loop level) as in Ref. [52] . It required particular attention as in many scenarios the correction is negative and larger than unity. This is due the fact that at LO the cancellation between the W and the fermion loops is stronger in SM4 than in SM3 so that the LO result is suppressed more. Furthermore, the NLO corrections are strongly enhanced for ultra-heavy fermions. In such a case, a proper estimate must also include the next term in the expansion [66] which is included in the grid implemented in HDECAY for H → γγ. Finally, the decay mode H → γZ is treated at LO only, since the NLO QCD corrections within the SM3 are known to be small [67] and can thus safely be neglected. The EW corrections in SM3 as well as in SM4 are unknown which implies a sizeable theoretical uncertainty within SM4, since large cancellations between the W and fermion loops emerge at LO.
The two-Higgs doublet model extension
HDECAY version 6.0 has been extended to include the computation of the Higgs boson decay widths in the framework of the 2HDM [53] . The most general (CP-conserving) version of the 2HDM with a softly-broken Z 2 -symmetry, i.e. type I-IV models, has been implemented. For the input parameters, to be specified in the input file hdecay.in, the user can choose between two different options given by the ratio of the vacuum expectation values: tan β the mass parameter squared: M 
Furthermore, one can choose between the four 2HDM types by setting the corresponding flag accordingly. From these input parameters HDECAY calculates the couplings which are needed in the computation of the decay widths.
With the appropriate coupling replacements according to the various 2HDMs, the decay widths are the same as for the MSSM Higgs boson decays, which are already included in the program. Only the SUSY particle contributions in the loop-mediated decays and the decays into SUSY particles as well as higher order corrections due to SUSY particle loops have been turned off for the 2HDM case.
The decay widths of the 2HDM Higgs bosons are usually calculated at LO in the 2HDM parameters. Unlike the case of the SM with a light Higgs or the MSSM, there is no automatic protection in the 2HDM against arbitrarily large quartic couplings, which may lead to a violation of perturbativity of the couplings and tree-level unitarity. This should be kept in mind when calculating decay widths involving Higgs self-couplings. The program also tests for vacuum stability, perturbative unitarity and the compatibility with the S and T parameters and gives out a warning if these are not fulfilled.
Higher-order SM EW corrections do not factorize from the LO result and cannot be readily included for the 2HDM. The higher-order EW corrections to all relevant 2HDM Higgs boson decays have only become available recently [68] , and not been implemented in HDECAY yet. This introduces unavoidable uncertainties, which can be estimated from the size of the known EW SM corrections to be up to 5-10% for several partial decay widths. Differences of this magnitude compared to the most precise values for the SM are therefore expected even in the decoupling/alignment limit. Note, however, that the corrections can be much larger for Higgs-to-Higgs decays, where they can be parametrically enhanced.
A consistent comparison of 2HDM predictions in the decoupling/alignment limit to SM values furthermore requires that the limit is taken properly so that no residual 2HDM effects are present, e.g. from H ± loop contributions to h → γγ/Zγ. Using the physical Higgs mass basis as an example, SMlike decays for the lightest 2HDM h boson can be achieved by choosing M h ∼ 125 GeV, sin(β−α) = 1, M H,A,H ± ≫ v, and M 2 12 such that g hH + H − = 0. Unlike EW corrections, many of the QCD corrections (which typically are numerically significant) do factorize, and can therefore be taken over directly from the corresponding SM or MSSM calculations. The widths for SM-type Higgs boson decays to quark and vector bosons pairs are obtained at LO from their SM equivalents by rescaling the vertices with the corresponding 2HDM factors. The loop-mediated decay to gluons also proceeds as in the SM, with the appropriate rescaling of the Yukawa couplings. For the remaining decays it is necessary in addition to take 2HDM-specific contributions (which cannot be assumed to be small) into account.
In HDECAY, the implemented decay widths and higher order corrections are specified in the following.
-Decays into quark pairs: The QCD corrections factorize and can be taken over from the SM case. For the neutral Higgs decays the fully massive NLO corrections near threshold [55] and the massless O(α 4 s ) corrections far above threshold [56, 57, 58] are included in HDECAY. They are calculated in terms of running quark masses and strong coupling to resum large logarithms. The QCD corrections to H ± decays have been taken from [69] . The EW corrections cannot be adapted from the SM case and are ignored. For the decays of the heavier neutral Higgs bosons into a top quark pair, in HDECAY off-shell decays below threshold have been implemented as well as for the decays of a charged Higgs boson into a top-bottom quark pair [22] .
-Decays into gluons: The QCD corrections to the neutral Higgs boson decays into gluons, a loop-induced process already at leading order, can be taken over from the SM, respectively, the MSSM. They have been included up to N 3 LO in HDECAY in the limit of heavy top quarks. While for the SM at NLO the full quark mass dependence [40] is available, for the 2HDM the corrections have been taken into account in the limit of heavy-quark loop particle masses [40, 60, 61, 70] .
-Decays into γγ, Zγ: The decay to a photon pair is loop-mediated, with the two most important SM contributions being due to the top quark and W boson loops. In the 2HDM, there is also a H + contribution which becomes numerically significant in some cases. The bottom loop becomes relevant in scenarios with enhanced bottom Yukawa couplings. In the pseudoscalar case only heavy charged fermion loops contribute. The neutral Higgs boson decays into a photon pair have been implemented at NLO QCD including the full mass dependence for the quarks [39, 40, 71] . The loop induced decays of scalar Higgs bosons into Zγ are mediated by W , charged Higgs and heavy charged fermion loops, while the pseudoscalar decays proceed only through charged fermion loops. The QCD corrections to the quark loops are numerically small [67] and have not been taken into account in HDECAY.
-Decays into massive gauge bosons: The decay widths of the scalar Higgs bosons into massive gauge bosons φ → V ( * ) V ( * ) are the same as the SM decay width after replacing the SM Higgs coupling to gauge bosons with the corresponding 2HDM Higgs coupling. The option of double off-shell decays [21] has been included in HDECAY. The pseudoscalar Higgs boson does not decay into massive gauge bosons at tree level.
-Decays into Higgs boson pairs: The heavier Higgs particles can decay into a pair of lighter Higgs bosons. This is a feature of the 2HDM which does not exist in the SM. Due to more freedom in the mass hierarchies compared to the MSSM case, the following Higgs-to-Higgs decays are possible and have been taken into account in HDECAY,
Moreover the decays into a charged Higgs boson pair are possible 4 ,
All decays are calculated at leading order using the tree-level expressions of the 2HDM trilinear couplings. The contributions from final states with an off-shell scalar or pseudoscalar, which can be significant, have been included in HDECAY [22] . It is important to note that these partial widths can be very large for parameter points that do not respect the requirements of perturbativity and tree-level unitarity.
-Decays into gauge and Higgs bosons: The Higgs boson decays into a gauge and a Higgs boson [9, 18] , which have been implemented in HDECAY including the possibility of off-shell gauge bosons [22] , are in particular
They have been implemented at leading order and include the contributions of off-shell W and Z bosons below threshold [22] .
The hMSSM scenario
As mentioned earlier, in the MSSM, only two parameters are needed to describe the Higgs sector at tree-level. These are in general taken to be M A and tan β. Nevertheless, when the radiative corrections [73] are included in the Higgs sector, in particular the dominant loop contributions from the top and stop quarks that have strong couplings to the Higgs bosons [74] , many supersymmetric parameters will enter the game. This is for instance the case of the SUSY scale, taken to be the geometric average of the two stop masses M S = √ mt 1 mt 2 , the stop/sbottom trilinear couplings A t/b or the higgsino mass µ (other corrections, that involve the gaugino mass parameters M 1,2,3 for instance are rather small).
In particular, the radiative corrections in the CP-even neutral Higgs sector are extremely important and shift the value of the lightest h boson mass from the tree-level value M h ≤ M Z cos 2β ≤ M Z to the value M h = 125 GeV that has been measured experimentally. In the current-eigenstate basis of the Higgs fields Φ 1 , Φ 2 , the CP-even Higgs mass matrix including corrections can be written as:
(16) where we have used the short-hand notation c β ≡ cos β, s β ≡ sin β and the radiative corrections are captured by a general 2 × 2 matrix ∆M entry is in fact relevant in most cases (in particular if µ is small). It involves the by far dominant stop-top sector correction [74] ,
where M S is the SUSY scale and X t = A t − µ/ tan β the stop mixing parameter. Hence, one can write ∆M [75, 76] that in this case, one can simply trade ∆M 2 22 for the known M h value using
One can then simply write M H and α in terms of M A , tan β and M h :
In the case of the H ± masses, the radiative corrections are small at large enough M A and one has to a good approximation [77] 
This is the hMSSM approach which has been shown to provide a good approximation of the MSSM Higgs sector. In this hMSSM, the MSSM Higgs sector can be again described with only the two parameters tan β and M A as the loop corrections are fixed by the value of M h . Another advantage of this approach is that it allows to describe the low tan β region of the MSSM which was overlooked as for SUSY scales of order 1 TeV, values tan β < 3 were excluded because they lead to an h mass that is smaller than 125 GeV. The price to pay is that for such low tan β values, one has to assume M S ≫ 1 TeV and, hence, that the model is fine-tuned. Moreover, care has to be taken not to enter regimes for small values of tan β that cannot be accommodated with the MSSM as pointed out in Ref. [76] . The couplings of the CP-even h and H to fermions and vector bosons are given in terms of the angle α which, including the radiative correction, is fixed by the hMSSM relations above. Additional direct corrections as ∆ b should in principle enter the Higgs couplings but because M S is taken to be very large, they are assumed to have a small impact in the hMSSM and are ignored. This, however, strongly depends on the size of the µ parameter and should be taken with caution for large values of tan β. Another important set of couplings are the Higgs self-couplings and in the hMSSM, they are again given in terms of β and α, with the latter fixed by tan β, M A and M h as in Eq. (19) , but contain additional genuine radiative corrections that can be derived from the input parameters, too, since they are related to ∆M 2 22 . The calculation of the Higgs branching ratios within the hMSSM are performed by HDECAY starting with version 6.40. The program takes M h as input and obtains M H and α from the hMSSM prescriptions. For the decays, the hMSSM mode of HDECAY implements: N 4 LO-QCD corrections to the decays to quark pairs; LO results for the decays to lepton pairs and for the decays involving massive gauge bosons, both on-shell and off-shell; a LO calculation of the decays to Higgs-boson pairs, both on-shell and off-shell, using effective hMSSM couplings such as the Hhh coupling in particular. The triple Higgs couplings are an important issue [38] which needs some further studies in the hMSSM and some preliminary results recently appeared in [78] .
The input file
In the following we list the input parameters of the hdecay.in input file along with some explanations 5 . In the next section we will give sample output files for the various models implemented in HDECAY. The input file that we use to generate the outputs is given here. We will then later only indicate the changes of those parameters in the input file that are relevant for the specific model. The input file hdecay.in reads = 1000.D0 NMA = 1 ********************* hMSSM (MODEL = 10) ********************************* MHL = 125.D0 ************************************************************************** ALS(MZ) = 0.1180D0 MSBAR (2) .D0 ************************** 2 Higgs Doublet Model ************************* TYPE: 1 (I), 2 (II), 3 (lepton-specific), 4 (flipped) PARAM: 1 (masses), 2 (lambda_i) PARAM = 1 TYPE = 2 ******************** TGBET2HDM= 1.29775D0 M_12^2 = 82857.8D0 ******************** PARAM=1: ALPHA_H = -0.684653D0 MHL = 125.09D0 MHH = 453.87D0 MHA = 591.552D0 MH+-= 613.93D0 ******************** PARAM=2: LAMBDA1 = 0.989175D0 LAMBDA2 = 0.734211D0 LAMBDA3 = 6.42606D0 LAMBDA4 = -3.83528D0 LAMBDA5 = -2.94533D0 ************************************************************************** 
The output files
We will give exemplary output files for the SM, the 2HDM and the MSSM based on the input file given above with the respective changes for these models given below.
The Standard Model
The input file can be taken over without any changes. It leads to the following br.sm1 and br.sm2 output files given by respectively, for the branching ratios of the SM Higgs with mass M H SM = 125 GeV into the bottom-quark, tau-and muon-pair, strange-, charm-and top-quark pair final states as well as into gluon, photon, Zγ and massive gauge boson final states. The last entry in br.sm2 is the total width in GeV.
The 2HDM
For the 2HDM example we chose a scenario compatible with all relevant theoretical and experimental constraints [80] and also implies a strong first order phase transition as required by baryogenesis [81] . It induces a mass spectrum where the lightest CP-even Higgs boson is the SM-like Higgs state. The input parameters are specified in the above input file, and only the following two parameters need to be changed to produce the 2HDM output files:
For the given scenario the input is the 'physical' one via the Higgs masses and the mixing angles and PARAM is set equal to 1. If PARAM is set equal to 2 the λ i 's as given in the above input file lead to the same results. The output for the branching ratios is given in the files br.xy 2HDM with x = l, h, a, c for the light and heavy CP-even h and H states, for the CP- The file br.ls includes the branching ratios into the SUSY particle final states, which are all kinematically closed, however, so that we do not give br.ls separately here. Being in the decoupling limit with the chosen large pseudoscalar mass of 1 TeV, the branching ratios are close to those of a SM Higgs boson with same mass. For H, the branching ratios into SM particle The kinematically allowed decays into SUSY particles, on the other hand, are important with branching ratios into charginos and neutralinos of about 30% and 20%, respectively. Note that the SUSY particle branching ratios given in the output files sum up all the final states of the same SUSY particle type. In br.hs also the masses of the SUSY particles are repeated in the output for convenience. The branching ratios of the pseudoscalar are summarized in the output files br.a1, br.a2 and br.as: The decay into hW , although kinematically allowed, is very small, the one into AW is far off-shell and hence tiny. The decay branching ratio for the chargino-neutralino final states amounts to more than 50% and is dominating. Finally the branching ratios of the top quark as given in the file br.top read i.e. the top quark decays entirely into W b final states.
